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Specification 

(54) Title of Invention: Manufcictming Method of Thin Film 'n an-sistor 
(57) Summaiy 

[Puipose] lb manufacture a thin film transLStor without a higli teniperatui-e thermal 
pixjcessihg pix)cess, and to make a tlu-eshold voltage Vth of the thin fihn transistor stable and 
uniform. 

[Means for solution] A gate electrode 41 and a gate insulating fihn 42 are formed on a 
.substrate 50, and a poly ciystalline silicon thin film 10 with high impm ity a)nccntratif)n is 
foi-mcd with the gat<» electrode 41 insulated. Then, an ion whicb inactivate.^ inii)uiity 
element in sihcon is implanted into one portion facing the gate (ileclrode 41 of ihe 
poly ciystalline .silicon thin film 10. Accordingly, the portion bt«a)raes a channel region 1 
because the cai-rier concentration of the portion is lowered, and the rest become soui-ce and 
drain regions 2. Consequently, a thin film transistor whei-ein the caiiier concenti-atif)n of 
the channel region 1 is controlled precisely is manufactui-ed without a high temperatxnt; 
thermal processing pi'ocess. 

[What is claimed] 

[Claim 1] A manufacturing method of a thin film transistor comprising: 

a gate structure forming process for foi-ming a gate electrode and a gate insulating film! 
a depositing pixrcess for depositing a semiconductor tliin film with high impurity 

concentration with said gate electrode insulated; and 

a channel forming process for making one portion facing .s^id gate cdecti-ode of said 

.semiconductor thin fihn a channel region by ion implanting and making the rest a .soum; 

region and a drain region; 

wherein, an ion implanted in said ion implantation inactivates an impurity element in 
said semiconductor thin film. 

[Detailed Description of the Invention] 
[0001] 

[Field of the invention] Tlie present invention relates to a manufacturing method of a thin 
film transistor, for example used for a switching element of an active matrix tjpe di.splay 
device, furthei-morc relates in debul to a manufacturing method of a thin film transistor 
wherein an element that a stable and uniform threshold voltage of each thin film transistor 
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is obtained and a multi-gi-adation operation is possible can be manufactiu-ed without a 

thermal damage on a substrate and with simple process. 

[0002] 

[Prior art] Conventionally, in an active matrix t^qpe display device using a material for 
displasdng such as liquid cr^^stal etc., a thin film transistor is used as a switching element of 
each pixel. The thin fihn transistor like this, for example, is mentioned in Japanese Patent 
Gazette of Laid Open No. Sho 63-224258 etc. 

[0003] The conventional manufacturing method of a thin j51m transistor, in outline, is 
manufacturing a tiiin fihn transisUir shown in Figure 8 by a llow such as FiguiX! 7. That is 
U) sa3^ first a gato cloctn)de 51 of (ho decided shape is formed on a l.r;uisi)aront j^lass 
substrate 50 (a). Tliis gate electi-odc 51 is made of metal such as molybdoniun (Mo) cU:, or 
poly-ciystaUine siUa)n (Si). Then, a gate insulating film 52 is formed on the glass substrale 
50 including this gate electrode 51 by CVD (chemical vapor phase deposition) (b), and a 
channel layer 53 is formed on this gate electrode 51 and the gate insulating film 52 (c). This 
chaiinel layer 53 is made of amorphous siliGon or poly ciystiilline silieon, wherein ari iniixuritj' 
with low concentration is doped. The threshold voltage Vtj, of operation of the thin film 
transistor is decided by the impurity concentration of this channel layer 53. 
[0004] Next, a channel stopper layer 54 of silicon nitride (SiNj is formed on this channel 
la3'^er 53 by plasma CVD (d). Tliis channel stopper layer 54 becomes ;ui efx:hinp stopper* in 
the subsequent source and drain pit)cessing. Then, the channel l;>3'or 53 is otehccl iiiU) Iho 
decided shape (e), on which a source and diain layer 55 is fonned to the decided shaj^e (0, 
furthermore on which a scmrco and drain electrode 5G is fornKMl tx} iho (UhihUhI shn])o (^). In 
case that the somx:e and drain layer 55 and the source and drain electrode 5G are etched into 
the decided shapes, the channel layer 53 is prevented fi-om etching by the channel stopi)er 
layer 54. The source and drain layer 55 is made of amoiphous siUcon oi- polj'-ciysUilline 
silicon, wherein an impurity with high concentration (the same impiuity of jni polarity as the 
channel layer 53) is doped. The source and drain electrede 5G is made of metal such as 
aluminmn (Al) etc. At last, covering a silicon nitride protective film (FigLue is omittecO is 
performed by plasma CVD (h), consequently a thin film transistor device is accomplished. 
[0005] In the thin film transistor manufactured in this way, because the channel layer 53 has 
high resistance for its low impurity concentration, the conductivity between the source layer 
55 and the drain layer 55 is OFF under noimal conditions. However, when the voltage V,; is 
apphed to the gate electrcde 51, the field effect increases the earner concentration in the 
channel la3^er 53 so that the resistant value is lowered, a)nsequentl3^ the conductivity 
between the source layer 55 and the chain layer 55 becomes ON. The gate voltoge ciiuscs 
tliis ON reverse is a threshold voltage Vth. 

[0006] The manufacturing method mentioned above is that a thin film transistor is 
manufactured by using a transparent glass substrate 50 ns a substrate, for bcung iiscul for a 
display device, and not using high temperature thermal pix>cesRing, for example, ion 
implanting and thermal diffusion, because this glass substrate 50 is easily aflfected by loigh 
temperature. Accordingly, in forming the channel layer 53 (c), and forming the source and 
drain layer 55 (0, not a non doped film containing no impmity is deposited, and into which 
an impurity is introduced and difiiised subsequently, but a doped film containiiig an impurity 
fix>m the first is deposited. 
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[0007] 

[Pit)blems to be solved by the Invention] However the tliin film transistor manufactured l)y 
said conventional method has problem that the threshold voltoj^c; Vn, is variable oxt<»nsivelv. 
The cavise is the variable impurity concentration of the channel layer 53. 
[0008] Fii-st, for making this rea.son clear, the relation between the impurity (xnicxnitrntion oF 
the channel layer 53 and the thi-eshold voltage Vtj, is exi^lained. A thin film transistor of this 
kind operates ON by which the carrier concentration in the channel layer 53 rises up U) tlio 
value enough for conductivity between the source layer 55 and the drain layer 55 by the field 
effect of the gate voltage V^. The gate voltage necessaiy for tliis operation is the 
threshold voltage Vui. Tlie impuiitj'^ concentration of the chamiel layer 53 decides the 
original value of the earner concentration, therefore, when the impurity concentration is 
vai-ied, the threshold voltage is also varied. For example, in case that the impuritj^ 
concentration is higher than the noimal value, the original auiier ct)ncentration of the 
channel layer 53 is high, consequently the thin film transistor becomes ON by lower gate 
voltage Vk. That is to say, the threshold voltage Vn, is lower than the normal value. On tht; 
other hand,* in case" that the impurity ^concentration is lower than the normal value, the 
threshold voltage Vrh is higher than the normal value. Therefore, in order to obtain tlie 
precise thieshold voltage Vu,, the impmity concentration of the channel layer 53 needs to be 
uniform. 

[0009] In said nmnufacturing method, this channel layer 53 is foini(»fl by doposilinj; as a 
doped film containing the impurity. However, in a region with low imi)urity cimccntration, 
the concentration is variable extensively because it is diflBcult for the device to contiT)l the 
concentration. On that point, this method is different fi-ora ion implantation wherein the 
number of implanted ions can be aintroUed precisely. This variatitm of the amcentration 
exists between thin film transistors each other on one sul^strate as well as between 
substrates. Accordinglj', the threshold voltage Vfh of each thin film transistx)r is varialile on 
one substi-ate. Consequently, the number of gradation of display used for a display device is 
limited to about sixty-four, and it cannot be increased any more. 

[0010] The present invention, is accomplished for resolving the i)n)blems of the aniventional 
technology, and has the puipose to offer a manufacturing method of a thin film transistor 
wherein a threshold voltage Vth of a thin fihn transistor is stable and is obtained uniforaily 
with high reproducibility without high temperatm-e thermal processing process. 
[0011] 

[Means for resolving problems] A manufactuiing method of a tliin film transistor a^ncorned 
in the present invention for accomplished said puiposes is characterized by comjjrising- 

a gate structure forming pixx^ess for forming a gate electrode and a gate insulating film; 

a depositing pnxx>ss for depositing a semiconductor thin film with liigh impurity 
conct»ntration with said gate elcctn)de insidated; and 

a channel forming pi-ocess for making one portion facing said gate electi"ode of said 
semiconductor thin fihn a channel region by ion implanting and making the rest a source 
region and a drain region; 

wherein an ion implanted in said ion implantation inactivates an impmity element in 
said semiconductor thin film. 

[0012] In this manufacturing method, after a gate electrode and a g?it« insulating film are 
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formed in a gate structure forming pit)cess, a semiconductor tliin film with high impurity 
concentration is deposited in a depositing process. This semiconductor tliin film is deposited 
with the impmity concentration having a suitable resistant vahie for a source region and a 
drain region of a thin film transistor. This concentration can be contnJled precisely by a 
deposit apparatus, therefore the precision of the impurity wncentiation in the somic()nduct4)r 
thin film is high. Also, this semiconductor thin film is insulated fix)m tlie gate electrode by 
the gate insulating fihii. Then, ions are implanted into one portion of the semiconductor 
thin film in a channel foraiing precess. The portion into which the ions are implanted is 
further one portion of the portion facing the gate electrode in iJie semiconductor tliin film. 
The ions implanted here inactivates the impuiity element in the semiconductor thin film «o 
as not to contribute to earner gi-ant. Accordingly, the portion into which this ion is 
implanted becomes the channel region of the thin film transistor because the courier 
concentration is lowered and the resistant value is increased in spite of liigh impurity 
concentration. The portions where the icms are not implanted in tho semia)nductx)r thin 
film become the soiutre region and the drain region of the thin film transistor. Besides, this 
ion implantationrdoes not cause a thermal damage because a heating diffusion piT)cessing is 
not performed subsequently. 

[0013] The thin film transistor manufactured in tliis way conipiises the channel region which 
is one portion of the semiconductor tliin film with high impurity conccmtration and inU> 
which the ions mactivating the impurity element are implanted, tho source region and tho 
drain region that the rest of said semiconductor thin film, the gate electrode facing said 
channel region and being wider t han it, tho gate insulating film insulnting said gatc^ ol(H:(.nKlc^ 
from said channel region, the source region, and the drain region. 

10014] In tliis thin film transistxu-, boc;uise the carrier amccMitration is lowoivd by making' 
impurity element inactivate by ion implantation in the channel region, tho resistant value of 
this region is high. Accordingly in the normal condition, the conductivity between the 
soiu-ce region and the di-ain region is OFF by this channel region. Then, when a voltage 
is applied to the gate electrode, an electric field by the voltage V« on operates the whole 
channel region thiT)ugh the gate insulating film, and of which field effect increases the carrier 
concentration of the channel region, consequently the resistance of the channel regicm is 
decreased. When the voltage Vg reaches the threshold voltage V,h. the ccmductivity between 
the source region and the drain i-egion becomes ON. 

[0015] The gate voltage necessary for revereing the thin film transistor to ON, that is to 
saj^ the threshold voltage Vth depends on the carrier concentration of the channel region in 
case that the gate voltage is zero. This carrier concentration is a conc-entration of ;in 
active impurity element in the channel region, which is subtracted the concentration 
inactivated by ion implantation in the channel foming process ficmi the impurity 
Lt)ncentration at depositing the semiconductor thin film with high impurity concentxation in 
the depositing process. Besides, because the impurity wncentration at deposit am be 
controlled precisely by a deposit apparatus and the number of implanted ions can he 
controlled precisely in ion implantation, the concentration of the active impuritv^ element in 
the channel region can be controlled precisely and the reproducibihtA^ is high, ainsequently 
even if a large mmiber of thin film transistors are formed on one substrate, the uniformity of 
the threshold voltage Vth of each thin film transistor is high. 



4 



09-074207 



[0016] Besides, in this thin film ti-ansistor, because the channel region, the som-ce region and 
the drain region are fonned as one layer of the semiconductor thin fihn with liigh impunt^' 
concenti-ation. a contact resist^nnce between the channel region and the wuu-ce and the drain 
regions is extremely low and a channel length can be shoi-tened. Accordingly ON resistance 
is low and high-speed operation is possible. 

[0017J The foUowings ai-e explanations by giving preferable situations for accoraphshing said 
purpose fiu-ther satisfactorily. 

[0018] (Situation l] In a manufectuiing method of a thin film transistor of claim ] a 
manufacturing method of a thin film tiansistor wherein ion implanUition in said channel 
foi-ming process is performed by patterning with photoresist mask, and an electi-ode fonning 
process for fonning a souix:e electrode and a drain electrode on a somcc region .nid a drain 
region foi-med on said semiconductor thin film in said channel forming process is included. 
[0019] [Situation 2] In a manufactuiing method of a thin film transistor of claim 1 a 
manufiictming method of a thm fihn transistor wherein an electix)de forming pr()ccs.s for 

fonning a source electrode and a drain eJeGtKjde on the portic)^^^^^ „ .soura. region and a 

cUTiin region of a semia>ndiictx»r thin film dei>asitcd in said dei)ositinf: pi(Kx;s.s is includod. and 
ion implanting is performed in said channel fonning process using this source electix)de and 
the drain electrode as pattern masks. 

[0020] In manufacturing methods of these situations 1 and 2. because a soui-ce electrode and 
a di-ain electrode for a source region and a drain region arc formed in an eIoctix)clo f(.rnun<' 
process, an ohmic contact between the som-ce and the drain regions and a wiring is obtained 
by the som-ce electrode and the di-ain electxode. Especially, in the manufacturing mothod «f 
situation 2. because the source electrode and the drain electix,de are used as the pattern 
masks at ion implantation, it is not necessaiy to perfoiin phot^Hthogiaphv for ion 
implantation only, and the number of times of photo can be reduced. 

[0021] [Situation 3] In a manufacttuing method of a thhi film transistor of situation 1 or 
situation 2, a manufactming method of a thin film tiansistor wherein a sU,pper forming 
process for forming an etehing stopper layer on a portion to he a channel regi(,n <,r a 
semiconductor thin fihn deposited in said depositing process, or on a channel region formed 
on said semiconductor thin film in said channel forming process is included 
[0022] In this manufactui-ing method, the etehing stopper layer fonned in the stopper 
formmg proce.ss prevents the portion to be the channel region of the .semiconductor thin film 
or the channel region formed on the semiconductor thin film fix^m being etohed in etehin- an 
electrode layer m an electrode forming pi-oc»ss. For. under the condition that the electnKle 
layer is etehed. because the .semiconductor thin fihn is also etehed fiequently. it is nec-e.s.s«iy 
to prevent it fix)m being etehed. Tlierefore. the timing in performing this stoppei- forming 
pixx«ss can be before the electrode fonning pixx:es.s. and aLso hofmv. or after forming the 
channel region on the semiconductor thin film in the channel forming pr(K;css. 
0023] [Situation 4] In a manufectm-ing method of a tliin film transistor of claim 1. situatJon 
1. situation 2, or situation 3. a manufacturing method of a thiii film transistor wherein a 
•semiconductor thin film deposited in said depositing process is an amoiphous silium thhi film 
or a poly-ciystalhne sihcon thin film, and an ion implanted in .said channel fonning proce.ss is 
an ion of element of one or not less than two selected fix,m a gitnij) aimpri.sing Si. F (fluoiin.O, 
and Ar (argon). 
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[0024] In this manufacturing method, an amorphous silia)n thin fihn or a p()ly-ci->\^t4inine 
silicon thin film with high impurity concenti*ation can be deposited umtrolling the impurity 
concentration precisely b)' a noraial depositing apparatus. Si, F and Ar have an operation 
for inactivating the impuiity element by which they are ionized and implanted into the 
amoiphous silicon thin film or the pol3'^-ciyst^xlline silicon thin film, and arc suit<'d)I(; for. 
foiming the channel region. 
[0025] 

[Embodiment] An embodiment of the present invention is explained in detail i-efeiiing to 
Figures. In a manufactiuing method of a tliin film transistor concerned hi each 
embodiment explained below, a large number of thin film transistors arc manufactured in a 
matiix shape on a transparent glass substrate for using as switching elements of a liquid 
crystal display device. However, for convenience* sake, only one tliin film transistor is shown 
in Figures. 

[0026] Fii-st embodiment. This embodiment corresponds to claim 1, situation 1, situation 3 
concerned in situation 1, and situati()n 4 concerned in situation 1. 
" [0027]~This"^'mbodiment, as shown in Figure 3, fundamentally cominises; forming a i^ixte 
electrode on a glass substrate (Si), forming a gat^ insulating film (82), forming a 
poly-crystalline silicon film as a doped film with liigh impurity concentration (S3), forming a 
channel region by implanting ions into one portion of this polycnystallino silicon fihn and 
making the rest sourtx) and drain regions (S4), forming a channel sloppor film covering (his 
channel region (85), removing a supei-fluous portion of the soura; and the draiji ix^gions (S(>), 
fonning the soui-ce and drain regions (87), last of all, covering the wholtj with a pro(x;cliv(» 
film (88). The following is a detailed explanation using Figure 1 ;md Figiue 2. 
[0028] Figme 1 (a) shows a cross .sectional view of the conditi(m to fonn a gate oloctn)do 41. a 
gfite insidating film 42 and a polyxiystalline silicon film 10 with high imimrity a>ncentration 
on a glass substrata 50. Among these fonning processes, forming the gate electix)de 41 and 
the gate insulating film 42 is a gate structure forming process in claim 1, and fonning the 
poly-ciystalline silicon film 10 with high impurity concentration is a depositing process in 
claim 1. 

[0029] First, the gate electrode 41 is fonned with metal such as molybdenum etc. or 
poly-ciystalhne silicon on the glass substrate 50 (81 of Fig\u-e 3). This gate electrode 41 is 
formed by depositing a daubed film of metal or poly ciystalline silia)n on the glass substrate 
50 with sputtering or CVD, and by pnx:essing the film into the decided shape with 
photolithography and etching. In case of using polyciystalline silia>n, an impurity is made 
to contain for making sure of the conductivity. 

[0030] Next, the gate insulating film 42 is foniied on the glass substnite 5» including tlie gale 
electrode 41 (82 of Figiu-e 3). The quaUty of the materiid of the gate? insulating Glm 42 is nol 
limited especially if it is excellent in insulating pK)porties, but it is giMioral r(i form tho fihn 
using silicon oxide (8iOx). sihcon nitride, etc. by CVD. Tliough the gale insulating film 42 
exists on all the surface of the glass substrate 50 within range of being shown in Figiu-e 1 (a), 
because it is not necessary in the portion except the thin film transistor, for example in the 
portion for forming a liquid crj'stal element etc., the unnecessaiy portion is removed by 
photoHthography and etching. 

[0031] Successively, the poly ciystalline silicon film 10 with high impurity concentration is 
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formed on tlie gate insulating filni 42 as a daubed film by CAT) (S3 of Figiuo 3). This 
polyciystalline silicon film 10 becomes a channel region and soiuce and drain regions in tho 
thin film transistor, and is insulated fix)m the gate electrode 41 by the gate insulating film 42. 
Then, an impuritj^ mth the decided concentration is made to contain in this poly ciystalline 
silicon film 10 at deposit. This impiuity is an element imparting the conductivity t/) silicon 
such as phosphorus (P), boron (B), ete. The concentration of this impurity is Iiigh 
concentration obtaining the suitable conductivity for the soui-ce and the drfun regions of the 
tliin film transistor. Concretely, the polyciystaUine siliam film 10 with high impuiity 
concentration is deposited by mixing impurity supplying gases such as pliosphine (PH.:) and 
diborane (B^H() as an atmosphere gas of CVD at the decided ratio. The reascm for making 
this impurity clement a)ntain at deposit is that it amnot be minU^. lo conLiin by solid phase* 
diffusion et^\ after deposit because the substrate is the glass substrato rsO being easily 
affected by heat. Besides, the polyciystaUine silicon film 10 is used in tliis case, but an 
amorphous siUcon film can be used if it has high impurity concenti-ation. 
[0032] Pjgure 1 (a) shows the coxiditioa iiaving beea to S3. Sulisr^quent Figij.re 1 (b) shows? 
ion implantation in^^^^ forming process in claim *1. 

[00331 First, in order to perform this ion implantation, a resist mask (51 is patterned by 
photohthography. The resist mask 61 covers the portions to be source and diain regions in 
the polycrystalHne silicon film 10, and has a hole in the poition to be a channel region. This 
hole portion is l(x:ated over the gate electrode 41 and is nanowcn* than tho gate ekuitrodo. 
Then, the ion implantation is perfbmied in condition that this resist mask Gl exists (S4 of 
Figure 3). The ion implanted here is an ion of element among Si, F, or Ar. Tliost? ions have* 
functions not making contribute to carrier giant by inactivating the impurity element 
contained in the polycrystalHne silicon film 10. 

[0034] When this ion is implanted, the ion penetrates into the portion where the resist mask 
61 is opened in the poly ciystaUine silicx)n fihii 10, and the portion becomes a channel rogion 
1. In this channel region 1, the impurity element is inactivated by the i(m implanted, ;uid 
the conductivity is lowered by reducing the earner concentration. On the other hand, 
because the ion Ls masked in the portion - covered with the i i^sist mask (>1, the carrier 
concentration of the polyci^^stalline sihcon film 10 is kept high value at deposit. These 
portions are used for souix:e and drain regions. After the ion implantation, the resist mask 
61 is removed. Besides, because the thermal diflFusion is not performed after this ion 
implantation, the glass substrate 50 is not damaged therm all}^ 

[0035] Next, as shown in Figtu-e 1 (c), a channel stopper 43 of silicon nitride is formed on the 
polyciystaUine siUcon film 10 by C\TD (S5 of Figure 3). The channel stopper 43 is an 
etehing stopper for preventing the channel region 1 hx)m b(5ing etdied in an etching 
processing of the source and drain electrodes mentioned later, and formed so as to cover the 
channel region 1 and to jut out a little into the outside. Forming ( bis channel stopj)er 4:i is a 
stopper foi-ming pi-ocess in situation 3. 

[0036] Successively, as shown in Figm-e 2 (a), the unnecessary portion of the polycl•5^stalline 
sihcon film 10 is removed by photohthography and etehing. Consequently, som-ce and chain 
regions 2 are processed (S6 of Figme 3). Besides, fomiing the channel stopper 43 of Figin e 1 
(c) and processing these souree and draiji regions 2 can be exchanged in order. 
[0037] Next, as shown in Figm^e 2 (b), source and drain electrodes 44 are fonned on the 
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soui-ce and di-ain region 2 with metal such as aluminum etc. (S7 of Figiii*e 3). Forming these 
source and drain electrodes 44 is performed b}^ forming n daubed film of the metal by 
sputteiing or and pix)cessing by photoUthography and etching. In this etcliing j^nnxiss, 
because the poly crystalline silicon film 10 is also etched under the condition of et-ching the 
soLure and di-ain electrodes 44, it is possible that the channel i-cgion 1 is damaged .sr) that it is 
necessaiy to take measures to prevent it. In this case, the channel stopper 43 performs 
preventing function for protecting the channel region 1. The soum^ and drain electrodes 44 
formed in this way cover the upper side of the source and drain regions, and ohmic amtact 
between them can be obtained. Forming the source and diain electrodes 44 is an electrode 
forming process in situation 1. 

[0038] Then, after forming the necessaiy wiling, as shown in Figvire 2 (c), a protective film 45 
of silicon nitiide or silicon oxide is formed by CVD and ravers the whole (S8 o[ Figure 3), 
consequently a thin film transistor device is accomplished. 

[0039] The thin film transistor manufactiu^d in this way comprises^ the channel regicm 1 
which is one poition of the polyxiyst^nlline silicon film 10 with high impurity (X)ncenl.rMtion 
and wherein an impurity element is inactivated by performing ion implantation of element 
among Si, F, and AiS the source and drain regions 2 that tho rest: oCthe i)oty-ciystalhne silicon 
film 10; the gate electrode 41 facing the channel region 1 and provided wider than (he 
channel region V the gate insulating film 42 insulating the channel region 1 and the source 
and drain regions 2 fi-om the gate electnidc 41; and the sounx^ jmkI drain el(H:tro(l(^s ^14 
coming into ohmic contact with the source and drain regions 2. A laj ge number of the thin 
film ti-ansistors of this kind are provided in matrix shape on tho glass suhstrato HO, and 
operate as switching elements of the liquid crystal display device. 

[0040] The thin film transistor like this has high resistant value of the channel region 1. For, 
in this region, the carrier concentration is lowered because the impurit3'' element is 
inactivated by ion implantation. Accordingly in the noniial condition, when the voltage is 
appUed between the souix« and drain regions 2 with the source and drain electrodes 44, 
these are not conducted each other. However, when the voltage is applied to the gate 
electrode 41, an electric field by the voltage Vg aflFects the whole of the channel region 1 
through the gate insulating film 42, of wliich field efiect incrcases the carrier c-oncxintration of 
the channel region 1 and the resistance is decreased. Then, when the gate voltage 
reaches the threshold voltage Vtj,, an electiicitj' is conducted between the source and drain 
regions 2. That is to say, the thin film transistor is reversed to ON. 

[0041] The gate voltage necessaiy for ON reverse of the thin film transistor, that is to say, 
the threshold voltage Vth depends on the carrier concenti*ation of the channel l egion 1 in case 
that the gate voltage is zero (hereinafter refeired to as an original canier concxnitration). 
The original caiiier concentration is a concentration of active impurity element in the 
channel region 1, which is subtracted the concentration inactivatxjd by ion implantation (S4 
of Figm-e 3) irom the impurity concentration at depositing the poly ciystalline silicon film 10 
with high impurity concentration (S3 of Figure 3). Because the poly ciystaUine sihcon film 
10 is deposited with high impurity concentration here, the concentration can be controlled 
precisely at CVD appai-atus. and the precision of the impuiity concentration of the 
polyxiystalline silicon film 10 Ls high. Then, the number of ions imphmted is contn)lled 
precisely in ion implantation. Therefore, the original earner concentration in the channel 
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region 1 is precise. Acandingljs the uiiifpmiity of the thiieshold viAtufro Vn, of esudi thin nhn 
transistor formed on one substrate is high. 

[0042] This means that the mvilti gradation operation of the liquid ciystal displa3' device is 
possible. Acxx)rding to this thin fihn transistor, the number of giadation of displa3' operation 
on the Uquid ciystal display device can be not less than 128. 

[0043] Also, in this thin fihn transistor, because the channel region 1 and the source and 
drain regions 2 are deposited as the poly ciystalline siliam film 10 with higher impurity 
concentration, and the channel region 1 is distinguished fit)m the somu^ and drain retjions 2 
by ion unplantation, the contact resistance between the channel region 1 and the sourec and 
drain regions 2 can be almost left, out of consideration. Also, tho channol Icn^h can l>o 
shortened. Aca)rdingly the resistance at ON reverse is small and liij^h spocul operation is 
possible. Especifdlj^ in case of using n tyi^e phosphoms etc, as the impurity olemont of I hc) 
poly-crystalline silicon film, because the mobility of electrons is higher than that of holes, 
fmthermore high speed operation is possible. 

10844] Besides, -foiming the channel region! and the source and clrain regions 2 us one hiyor 
~ of the "polyxiysiai^ silicon film 10 in this thin film transistnr reduces one time of 
photolithography and the number of photo mask, therefore, it does not make the 
manufacturing process comphcated and is profitable in manufacturing cost. 
[0045] Also, because a high temperatm-e thermal processing such as thennal difilision etc. is 
not used, a thin film transistor can be formed on a substrate without causing thermal 
damage. Consequently, this method is suitable for fonning a tliin film transistor as a 
switching element of a liquid ciystal display device on a glass substrate affected easily l)y 
high temperature. 

[004G] According to the fii st embodiment explained abovt! in (l(^tail; I)ecauso I he 
poly-ciystalline silicon film 10 with high impurity concentration is deposited, of which one 
portion is made txi he the channel region 1 by performing inactival ion of imi)urity (^]onient 
with ion implantaticm and the rest is used as the source and di-ain i-ej^ions 2, a large nunihoi- 
of thin film transistors can be manufactured on the glass substrate 50 without heating up lo 
high temperature excessively so as to make threshold voltage Vth uniform in simple 
manufactming process. Besides, in the tliin fihn transistor manufactured in this way, ON 
resistance is low and high-speed operation is possible. Consequentbv multi-gi-adation 
operation and high speed operation of the Uquid ciystal display device are possil)lo. 
[0047] The second embodiment. This embodiment con-esponds tx) claim 1, situation 2, 
situation 3 concerned in situation 2, and situation 4 concenied in situation 2. 
[0048] This embodiment, as shown in Figure 6, fimdament<ally c^)mi)rises; forming a ^atc 
electrode on a glass substrata (Sll), forming a gat^ insidating film (S12), formin^i a 
poly-ciysbdline siliam film as a doped fihn with high impurity amixMitration (813), ronuiiig a 
channel stopper film covering a portion to be a channel region in the poly ciyst^iUine siliain 
film (S14). removing a superfluous portion (S15), fomiing sourtx^ and drain clcctmdes (Sl(>), 
forming a channel region on one portion of the poly ciystalline silicon fihn by implanting ions 
and making the rest source and drain regions (S17), last of all, covering the whole with a 
pretective film (S18). The following is a detailed explanation using Figi.u-e 4 and Figlu^^ 5, 
quoting the previous description common to the fii'st embcxliment. and emphasizing a point 
of difference. 
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[0049] Funning the g-ate ekicti-ocle 41 on the glaas suhstaatt; 50 (Sll of Fi^ami (J), forming tin; 
gate insiUating film 42 (S12 of Figme G), and fonniiig the poly ciystnlline silia)n fihn 10 (jui 
amorphous silicon fflm is possible) with high impurity ooncenti-ation (S13 of Figrn-e 6) are the 
same as those of tiie first embodiment (Si to S3 of Figui-e 3). Figui-e 4 (a) shows the 
condition having been to Sl3 and the same structure of Figure 1 (a). 

[0050] Next, as shown in Figure 4 (b), a chamiel stopper 43 of silicx)n nitride i-s formed on the 
poly-crystalline silicon film 10 by CVD (814 of Figiu-e G). The cliannol stopper 43 is an 
etching stopper for preventing the portion to be a channel rc^gion in the poly ciystalJine 
silicon film 10 by ion implantation mentioned later fix)m being et*;hed in an etching pi-ocess of 
the source and di-ain electrodes mentioned later, is foinied so as lo cs^vv.v the portion and (o 
jut out a little into the outside. This channel stopper 43 and its formation is the same as the 
explained matter by S5 of Figm-e 3 of the first embodiment (Figm-e 1 (c)). However, in tliis 
embodiment, a total film thickness of the channel stopper 43 and the poly-ciystiillinc silicon 
fihn 10 needs to be thinner than a film thickness of the gate insulating film 42. For, ions are 
prevented fioni penetrating into the glass substrate 50 in ion implant^ition mentioned later. 
_[O05J.J Successively;- as shown in Figiue 4 (c), an unnecessaiy jiortion of the ])oly-ciy.sta]Jine 
silicon fihn 10 is removed by photolithogiaphy and etching (815 of Figvire (0. By this 
etching, only the portions to be the channel region and the .-source and drain regions of ( be 
thin fihn ti-ansistor in the poly-aystaJUniB silicon film 10 remain. This e(x;hing anresponds 
to Figure 2 (a) and S6 of Figure 3 in the fii-st embodiment. Besidtjs, forming the channol 
stopper 43 of Figure 4 (b) and this et<;hing piiocess can be exchange in order. 
10052] Then, as shown in Figiu-e 5 (a), the source and di-ain eloctixjdos 44 are fonncd with 
metal of aluminum etc. on the portions to be the .source and drain regions in the 
poly-ciystalline silicon film 10 (816 of Figm-e 6). Fonning the .source and drain electitxles 44 
is perfoi-med by fonning a daubed film of metal by .sputtering or C^'T), on which a resist mask 
62 is foi-med by photolithogi-aphy. and piT>ces.sing the daubed film by i!f<:hing. In tliis uk:hing 
process, because the poly-ciystalline siUcon fihn 10 is etched under the condition of etching 
the source and drain electiwles 44, it is possible that the portion to be the channel region is 
damaged and it is necessaiy to take measm-es to prevent the fihn fiom being etched. In this 
case, the channel stopper 43 performs preventing function for pi-otection of the film. The 
source and drain electredes 44 formed in tliis way cover the upper side of the portions to be 
the source and drain regions, and ohmic contact between them c<ui be obtained. Forming 
the soui-ce and drain electrodes 44 is an electrode fonning i)ix)cess in situation 2. and 
con-esponds to Figure 2 (b) and S7 of Figure 3 in the fii-st embocUment. 
[0053] Next, the channel region 1 is formed by ion implantation (S17 of Figure 6 and FigintJ 5 
(b)). Tliis ion implantation corresponds to Figure 1 (b) and S4 of Figure 3 in the fii-st 
embodiment, and is a channel fonning pixjcess in situation 2. Therefore the implanted ion is 
the ion of element among Si, F and Ar. In this case, becau.se the resist mask 62 in itself 
made in the previous forming process for the som-ce and drain electredes 44 masks ions by 
functioning as a stopper against itms, ions are not implanted into the portion to be the souix:e 
and drain regions and implanted into only the portion to be the channel region in the 
poly-crystalline silicon film 10. In the portion, the impurity element is inactivated by the 
implanted ion, and the wnductivity is lowered by which the aurier am(xni(:ration is reducx'd, 
consequently this portion becomes the channel region 1. On the other hand, liecau.se the ion 
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is masked in the portion covered with the resist mask 62 and the soin-ce and di-ain electmdes 
44, the cai-iier concentration is kept high value at deposit. These portions are used for the 
source and di^in regions 2. Besides, because thennal diffusion is not perfoi-med after tliis 
ion implantation, the glass substrate 50 is not damaged thermally. 

[0054] At this time, the acceleration energy of the implanted ion is a low oneigj' that ions is 
not passed through the gate insidating fihii 42 in a region outside the ixjsist mask K2 and the 
soui-ce and drain electitxles 44 in Figure 5 (b). Because the glass sulisti ate 50 in this ixirtion 
is covered with only the gate insulating mm 42, in aise of impLinting with Itk) high eiu;i.^y. 
ions penetrate inU> the glass substrate 50 through the gate insulating Ohn 42, and axuZ 
unfavorable phenomena as a display device such as cloud of ( ho }rlr,ss ctx;. On the other 
hand, energy to some extent is necessary as the implanted ions distiibute over the whole 
thickness of the polycxystaUine silicon film 10. When the accelera tion enei-gj- is too low, the 
portion where the canier concentration is high remains in the portion a little tx> the gat<! 
insulating film 42 in a thickness of the polyciystalline silicon fihn 10. and obsti-uction in'the 
fimction as a thin film transistor is caused. In this case, as abovc-mentjoned. . becau.se a total 
- film thickness of the channel stopper 43 and the poly ciystalline siliajn film 10 is thinner 
than a fihn thickness of the gate insulating fihn 42, the acceleiation energy wherein ions do 
not penetrate into the glass substrat>e 50 and distribute over the whole thickne.s.<; of the 
poly-crystaUine sihcon film 10 can be chosen. 

[0055] Besides, the ion implantation is performed leaving the resist mask 02 as it is in Fifjui c 
5 (b), but the ion implantation can be perfonned after removing the rosist ma.sk (\2. For, a 
self-aUgnment fiinction of the source and drain electrodes 44 having the same pattern as tlic 
resist mask 62 prevents ion implantation into the portion except the portion to be the 
channel region. 

[0056] Then, after forming a necessary wiring, a protective film 45 of silicon nitride or silia.n 
oxide IS for-med by CVD as shown in Figiu-e 5 (c), and covers the whole (S18 of Figinxj (0, 
consequently a thin film transistor device is accomplished. 

[0057] The thin fihn transistor manufactured in this way has the same cx)nstitution as that of 
the fiist embodiment. That is to say. it comprises: the channel region 1 which is one portion 
of the poly-ciystalline silicon film 10 with high impurity concentration and wherein the 
impurity element is inactivated by implanting ion of element among Si, F and Ai-; the mm-oe 
and drain regions 2 that the rest of the poly-ciyst<imne sUicon fihn 10; tho gate olpctiT,do 41 
facmg the channel region 1 and provided wider than the channel region i; the gate insulating 
film 42 msulating the channel region 1 and the .sc)uix.-e and drain ix^gions 2 fix, in the «'n(e 
electrode 41; and the source and di-ain electixxles 44 obtaining ohmic amUxct with tho sourcx^ 
and dram regions 2. A large number of the thin film transistors of like this are provided in 
matnx shape on the gla.ss substrate 50. and operate as switching elements (,f tho liquid 
ciyst^il disj)lay device. 

[0058] Therefore, in the same way as the first embodiment, the thin film ti-ansistor oi" the 
second one has the characteristics that the threshold voltage V,„ of each thin film tran-sistor 
has high miifprmity. accordingly a multi-gradation operation of the hquid ciystal displav 
device is possible. Besides, because the contact resistance between the channel region 1 and 
the source and drain regions 2 can be ahnost left out of consideration and the chaimel length 
can be shortened, the thin fihn transistor of the second embodiment is also the same as the 
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first one on the point that ON ixisistiuicc is smnU and hifih spcod operation is jwissihle. 
Fuithermore, needless to say, tlie channel region 1 and the soiuce and diain regions 2 nin 
deposited as one layer of the poly aystalline silicon film 10. and phot^hthogi aphy only for the 
ion implantation using the resist mask 62 for the souiice and di-ain electitxles 44 pit>ceKsinR 
or the source and drain electrodes 44 themselves as pattern masks i«? not pcrfouuecK 
consequently, the manufectuiing pitx»sses ai-e cut shaiply. Besides, because high 
temperatui-e thermal piiocessing is not peifoi-med, a thin film transistor can bo fonued on a 
glass substrate easily afifected by heat, and can be used for a switching element of a liquid 
ciystal display device. 

[0059] Accoi-ding to the second embodiment explained in detail above, the poly ciyst^dlinc 
silicon film 10 with high impmity concentration is deposited, the source and drain electrodes 
44 are fonned on the portions to bo the source and drum regions 2 in the poly ciyst.illinc 
silicon fihn 10, the channel region 1 is foi-med by which inactivation of impuiity element is 
performed by ion implantation on the portion not covered with tho .•soui'ce and drain 
clcctredes 44 in the polyciystalline .silicon film 10. and the ivst is ust-d for the houicx; and 
drain regions 2, consequently, a large number of thin film transistx)rs can be manufactured.on 
a glass substrate 50 without heating up to high temperatme excessively w) as to unify their 
threshold voltages V,h, with simple manufacturing pix)cesses. In the thin film transistor 
manufactured in tliis way, ON resistance is low and lugh speed operation is possible. 
Accordingly, the multi-giadation operation and high speed operation are possible. 
[0060] Explanations based the first and the second embodiments are performed above, 
however, the present invention is not limited to said each enibodiniont in any way. nccullcss 
to say, various designs can be changed within range of the gist of the present invention. F< )r 
example, the concrete ingi-edient of various thin fihns such as an insiUating film, a mot.nl film, 
etc. shown in said each embodiment can be exchanged to other one having the same function. 
[0061] Also, an example for foiming a thin film transistor on a gla.ss substratx^ for usinj? as a 
switching element of a Uquid ciystal display device is shown m said each embodiment, 
besides, the present invention can be applied in case that a tliin film ti-ansi.stx)r is formed on 
an object easily affected by high temperature thermal processing. For example, it is thought 
that It ciui be appUed to forming a transistor after the second layer (.f tJie threo dimonsional 
integrated circuit. For, an aluminum wiling etc. for a transistor of the fiist laver 
manufactured previously is easily affected by high temperature thermal in-oce.s.sine 
[0062] ^' 

[EflfectJ According to a manufactiuing method of a thin film tran.sistor concerned in the 
present invention, a semiconductor thin film with high impurity ooncontiTJtion is deposiUul, 
mactivation of impuiity element is performed by ion implantation on one portion of the 
semiconductor film to be a chamiel region, and the rest become ^mve region and di-ain 
regions, consequently a stable and uniform threshold vol(..go V„. .,f a thin film tnui-sistor 
manufectured is obtained. Besides, because high temperature thermal pnoce.ssing pn.ce.ss is 
not used, the thin film transistor of this kind can be fomied on a substrata ea.sily afifected by 
high temperatm-e. 

[A brief explanation of Figures] 

[Figure 1] An explanatory view of a manufecturing method of a tliin fihn transistor 
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concerned in the fiist embodiment. 

[FiguiB 2] An explanatoiy view of a manufacturing method of a tliin .film transistor 
wnicerned in the fii-st embodiment. 

[Figure 3] A figure showing a flow of a manufebturing method of a tliin Chn transistor- sJiown 
in Figiues 1 and 2. 

[Figure 4] An explanatoiy view of a manufacturing method of a thin film tiTinsistor 
concerned in the second embodiment. 

[Figure 5] An explanatory view of a manufactming method of a tliin film transistor 
concerned in the second embodiment. 

[Figiuie 6] A figure showing a flow of a manufactming method of a tliin film transistor shown 
in Figures 4 and 5. 

[Figrn^ 7] A figm-e showing a flow of the conventional manufactming method of a thin film 
transistor. 

[Figure 8] An explanatoiy view of the conventional manufacturing method of a thin film 
transistor. 

[Explanations of marks] 

1 channel region 

2 source and drain regions 
10 polyciystallinc sihcon film 

41 gafe electrode 

42 gate insulating film 
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[0 0 0 8] C(7)i!i?iU*i9j-3rt.ic-rc)/::yj(i^^. 

T5. C<7)fiB<7)fWlia 1-7 > V x^'fi. •f'r 7> 'tJfiiri 31*1 
r t'.'l-Mo 3C0Ttit}^s|)2Ji4iv 'J Tjg/Swtjitii*^ 

mi^K>^ox', T*iE!rj»fgS/"i<E®i-r-5iraf®fatF.v ,1, 
*<is5 1 »<75T. ct ij ftti > y- h vii;n \' a x-mm h 7 > >• x 



[0 0 0 9] ^Lxmi<n^m.i5ii.T-\t. z.a:)=j-r^)i 

TttffiAT -5 Y :t >(/-)(Pgc$-iSl^fS/Sir ilalffllT^ -Sc^ i ffl 
igT-5. 4LTC«Ojg/5<7)tfe:5^}i. Sffiiaitit)^5 

J:<i^-izm<iti^ 1- 7 > ->- X 5' o ^ . jBi 

ia®t2lSjlS t > * C > < lit^T -5 C 1 1: * -5. 
[0 0 1 1 ] 

-(USIJIE t f i <i: 1 1> IC ?£gr. * y - X & Of K U- -f > ffl 

y-h«Si:y-Kje»ii8i/-)<jKBK5n>t», fiysie 

t U T@ W/j:16infiS 2: # f -o J; 5 /j:T*iE4*ii8;g TBtSS 

$n-5. coig/?«. fi)cii8iiiSToSi»(i(i/ij8«t.l;iffli.;s< 

oy-h^stiiietasnTi*^. -s-lt. ^^rtou;^ 
w-f ^>a:-AA''AS$ti^^ij, -ii#{*i??ii?50 9^y- h 

?t A $ n -5 < :t > f J . -'li J'l cfi (7) 1^$EtJj7c^ ^ ^fS 
ttft L T+ T ^ (C1!F^ L t > J; -3 IZ S 1!^ * -f * > 
C<7>/t:l6CC01' :t>flA;7f6g5nXiSi55J(i. ^ 
*£<BjiaSti^ < T t)+ r 'J r iSiS{i(£T L Tl5lnfa?)< J: 

> vX $'CD V- xm^S&CX K U -f >?Rt4 tnt-S>. tiii. 
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[00 13] LTSj2£5n^i!5IK4l-7>> 7.^ii. 
ffin.ft J t+;s -r i- .V (T)?!-: -k/jfro! r? ii A: r t- 'I JfiW . 

«E t . ffi^ f t- 'USfiJst { - iffi T i i IC C 4 1 J: !j /I 
l^y- M!ITI5±. t-ilM«. V-XiSfif!?. Ait; 

K K > {iRisE h tMi,ie y- 1- vg iis i $:*Gts-r -5 y- 1- 

[0014] z coiflJKJ h -7 > v X 5' ti. ^ V t- ^I'f.RtsSiz 
^5 1 ^ T -f ^ > 7f A !r J: 0 TJ-tlij Jc3R 7i«T/Stt ft 3 tl 4^ r 

t ff)!S\ff)m'M^< Z ffi-f- r t- »L mWzJ: O X i S ti T > 

-s-LT. y- i^-.'iifriKcviin-iVj; ^mmr^t. "ten 

[00 15] r«JI!5l>7>->-X:5'2r + >;iifci5tt 

■50Jc€>3B?/j:y'-i--.mi£VK . i!in^iaiM^mi:V|h(i. y 

ictitt iifk^c vmii /csKco jgiig i-j . c 4 1 
(J. fis.m:Lmx-?:r,imittmji<n T-mmm^nmirz t 

JiOT-mfk{ttsnrz'A^^im\i^rzi><r>X'$,^, rrL 
X. BmBn(7)^miimiiif)<iimfM^X'<r)!SiV}f£uw^m 

h 7 > X 5^ 5- /f^ fit L t§ & T t» . &f??ll5i I- -7 > 
X^'WHfa^fEV ,h<;)Ki— ttrt^iSiu. 
[00 16] S^. C<7>ii5JBj h-7>vX5'T«. ^ r t- 

rztf>^>mnf)^'\- i < i;"5iif0if1:?><iiJfigT^j-5). 
(0 0 1 7] W F. M!f.Ii!rifK)?:>J!(:ft4rJCi5;ilt-4-?j/;i') 

[0018] [UK 1 ] Sft-m I cOiWIl?! h 7 > 7. ^ 

aA^X^f h U->'X F-7X i7(Ccfc 0/1$' — - > yLTf? 

i>. fiijiE5^-f r.iunm-j.nx'\mi m{4^mii'Aizif'Mtiti 

V - X Jfl«/i c/f K K > Mt$± IZV-X^mikV^l^lr . 
-5 fSSg h 7 > V X 5' <7)S jg j£. 
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[0 0 193 mm-A] 2S*ISlOTf!5flSh^>vX5' 
<^Sig:^^£«;*si>T. fi33eBKJISXfiT/5tJ!S$tl/ii|'-^«: 

ms^<D V - X p¥MRzf H^-f>^!sa^i;i^'<^gr.^^■w± 

X J7 1 L TlttE^ r * il' JRBJ r ^7r<^ -f 5f > ffi X efr -5 

[0 0 2 0] COffitig I XHSI»IS2(7)S!ig;^r£Tli. ft 

If U-f >?H1IC J: •} . V-XJHJ^&C/ H U -f >jiF.^i 
[0 0 2 1] t!i«3] ai«lXttai«2 0w)lgh7 

tift^j^^ ^')i'mm.<n±iz. x.-yj->i/7.h-^nm^mfSL 

(0 0 2 21 C(;)-Sii:;'/&icfct>T. x h x/\;R;;icXS 

^upfliiS <i: ;:c ^ €f gr.^> X li i|^-#f*fWII§ ic rt?Blt ^ 4afc r 
> fiai7><X y ^ > y $ n T L $ ^ O «r IW ih -r -5 1> <7) t? 

•y/^^fiKxe^ff^^' -f 5>yH. ffilSff^fiJcXe J: 0 t> 

[0 0 2 3] [Sim 4] 1 xfisiK I 
m^jSMumx-fSM $ ti?. -ii!g(*fiffl^/»i r t 7 7- X -> 

;HBfSxeT?jEA$il-5-f ^>;)<. Si. F (7y 
«) . A r (7^l':f» J:0/i*fi|*^eiS«ti/t I X»i 
2 W .L (7) ;c35 -f i- > T * <5 C i $!$ia i r -5 iWK h 5 
>->-x$'(7)SiI:^te. 

[0 0 2 4] cwSii^fjiTti. ijlvirroi.ltfl8SKJiJ:0 
1^5 F^EI&iS/iEOT T t .»!, 7 T X >- ' J 3 > X Ji i^^iS >- 

'j3>mBg2:. T-^.^^is.^^xtnm^zmmL-o-oftmr 

^Z.tf)^X^^. -E-LT. Si. F. Arli. -f-tXt 
[0 0 2 5] 



h 7 > V X $'<?)aiS?7S6Ttt. jga^iri^jSI o X 
-f •y5^>i?'^-F> LTrHl»-5^i;J6. iSmfj:^ 7 X J.5fi/ I- 
IC^aOjIfflg h 7 > X 5^ h U y Xt^C.'lSiST 
4. fttiLWti±., aiTii«C«4 I -:>(7)j^lKlh-7>vX5'co 

[0 0 2 6] ^ I coii?iig<7))fitg. z.(n^^(r)H}i^.\t. .lil 
I . 1 . SIHIi (ciS-i)®^ 3 . -ig^ie 1 >.z 

[0 0 2 7] ZWggfig(7))R!!iHJS;t:(lij(c. ilncir J: 
oiz. ijv7.&iai.t[zY-h^m^BnSLL (J>l) . y 
- h t&mm 2: lilt L ( S 2 ) . S'i!i,'3, >>l:D > m 
ftiftaao H - 7 hflg > L Tlf^/ilt L (S3) . 

^mBtr^iiiinzmi^^^-.f-y. • 

*}B«L (S5) . v-x- I'uoMfaco^jj/^csr.i^ 

^l^±L (5 6) . V-X • H K >?g<S$:Jt?rtcL (S 
7) . g»<CffiJSJIST^(*$:|g-> (S8) t,OT'J5-5. 

[0 0 2 8] SI 1 (a) IC. ^/TXltRS 0 .l-.!cy-h 

ins 4 1 ty- Me«^«g4 2 tjfr,Tmhmjs.(^^ifii's,> 

la 1 ici > T y- 1> twaiFiBitxisTifs o . ,% ^^i&tmmai^ 
^$ssi>>j 3 »K! 1 n<nmrJtmmm I fii> ->iimr.i.:p^ 

XSi^. 

[0 0 2 9] a»)»C^/7XJSW5 0 JiJCf; -f=r>^'<n 

(0 3WSn . Z(;5y'-h«5fS4 l i75/{jB)c!i. ^vX 
S« 5 0 ±(r &)SX!±^$S^ >-•; 3 ><7) X y 

^ 'J > yxtic \- D tr =t !) nitSfi L . 7 ^- h ij y y-7 7 < 

i: X y 5^ > y T-/V?ie Jf?« (I /JII.CT -=> Z <!: (I ct •') f r j , » 

[0 0 3 0] ifctc. y-h?a*fS4 l.h«:&*!>T^7X»iS 
*g 5 0 ± IC y- h f(5»8{{ 4 2 5 0/<ltT -5 (El 3 O S 
2) . y-h*fetSBS4 2WWm«. *e«ttlC(g4l-5fov;) 
X9>tyvm\zWBMti\.M}i, fl4ft->'>n> (s i o.x ) 
5 1 » US? ft x ' 1 3 > c: V D t; J: 13 Biif^r ■=) « />< 

-«S<)-Ci9^. 0 1 (a) !r;K-riR5|IflrA|-c=ljy- 

8S4 2Ji:yvXJ(Stti.=; 0 .l:.;)1>:lfii(c^/l!LT'. i« 

iztiTS^iWi?. '^-f h'J •./ y7^7 f ix y^> y::j: 
0 T'e:< g^i: BP ^H4Pt= £ -r , 

[0 0 3 1] y- h«iliiB4i4 2 LCitVi FJ-E1*J?a 

s.<n^^Si>'i-D>m\ 0*-. c vDJcji'j-'cs'KiiL 

T«?fi)fr-5 (03 CO S3) . Z<ni^^^>>)a >tfi\ o 
«. »88 S 7 > •>' X *3 «+ « ^ r t- il' mtS.& If 'J- X 
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*C7« (B) lfOx»Jii>{iif?;tt<tS'W>i.r^:^«-CA 

-f > (PH3 ) ^v^*^> (B2H6) <7)J:^;:cTJ$iK3#t 
SO^SSa->U 3>fli 1 0^55tM-r5o CCT. COT 

!^'^^^z?\:< '1=1 >ii^T:.t>cfci^o . 

[0 0 3 2] mi (a) Z(7)S3iTfT^;;^«Si5: 
7jkLX\f^^. m<m\ (b) 14. SiS^RXB I m^^^r 
XST (7) -f ;t > ?i A *: ^x-r O T & -5 o 
[0 0 3 3] CCO<;t>tt A*fre>Ac4i)(C^T\ 7rth 

•rs. Ux7xh-77x^rt 1*4. ^JSiS^'J □ »!S 1 ()<;> 

t-MR^iiU -5 ^ ^ i5Rf>f4f;3 U L T t ^ -So Z con3 U 2B^> 

SrfT-^ (I33C0S4) , C::TfctAT^<;f >f4. S 

7C^€:^ffii± ft L r 'i T if L f<C Uct o\Z^ 
[0 0 3 4] CC0-r:l->7fA^ff ^t. ^'$Sa:^Un> 

(D'J^V^MMMlXit. fiAStlt>r:t><7)^-5i){CTS$ 

"Too /cC^D. Zc;)'r:t>ff AfSlc?Jite/fi{4fri^>U:»(/) 

:tf7XS«5 0(0Sft«(SJ4^j:t»p 
[0 0 3 5] @! (c) \z?lkrJ:olz. 5^4ga> 

y/^4 3 5:^n1tT'5 (g|3(7)S5) . ^^t^HXhy/^ 
4 3*4. f*aiT^V-X V >qil«OX y^> ytfll 

Wj±-r'5/::5it7)X'y^>yx hy'^TJoO. t^USI 
« 1 «:Jat^-ec?Di1^:^?^d^LJ4.vaiTcfco!IiKBt5n-5. 



CO^-t- tv/|/X hy/\4 3C7)/Fiii£i4. IgtS.ncUoX h 

[0 0 3 61 Kii'^T. 13 2 (a) iZ7f.t^r>iZ, 
> n 3 >m 1 0 (7^-^ •;i?/:x.'ir/// 5: ^ ^ 'j y y 7 7 f i X 
y^>!fiZJ:nKt£'t^. Z4UIctoy-x- KK> 

C^^i-^-^UX h •y/<4 3<7)/f$n1ti:Z(7)y-X • h'U-f > 

MJa2o;jnxc!:»4, miT-^ Ktm^x hy)^^.^^^^^^ 

[0 0 3 7] 'AiZ, m2 (b) {Cin-Tct^*!. V-X • 
KU-f >fIt42±tCT.il. ax'tzA^fiT^^feJISTy-X • K 
U-<>lia4 4 «:ff^/jE-r^ (EI 3 OS 7), CC7)y — X 

• KK>^«4 4C0;F^»j\;14. X/wy5^»J>y3<:tiCV 

J^77Yi:Xy^> y !z J: 0 /jirr.-r ^ Z i: II J: 0 f r - 

c<7)xy^>y;jnxt7)PK!z. v-x- HH'>^^ii«4 4 

.(7)X-y^>,y^.Pi-l:*4^$^,W,x'i ZI>ll'i? 1 0 t>X.y'T-> 

*4^Yt^;UX l-y/^4 3;!?<-:Fr t^/l^pSfet I Offii!gor)A-i6 

• KUi'>iSli4 4i4, y-X • HK>m^«2C0 Ijfii 

Cc7)y-X- KK>'£E«i4 4<7>J[^Ht(4. I 

[0 0 3 8] L T . •g^^g.'^i Jf^/i\t LX/)>^h. M 2 
( c ) «CS-r J: (C C V D X'Sit X »J 3 >X*4ffift >- »J 

z}>(Dm^m4 s^mftiLx^f^^mo t (ig3(7)s 

8) , fSHS h ■7>vX $'^-F-i4T^J5;5><^. 
(0 0 3 9] f)^<LXW)&^i\rzmmh'7>zy7.9lt, 
iS^t$4Sfi8Sc7)|^$£ta>''J 3 >li5i 1 0 CO— 5r»TJoU S 
i. F. A rC0urtl/>»C07L;;^C0<i->?f A;!)>)r^C2tlT 

ISS X U 3 >li5l I 0 cofiaRT-J^-S) y - X • K K >WM 

2t. ^-.fimm liztmix ztij:n m < n 
>m« 2 ch h vsf« 4 I > hai^sii^ 

4 2<!:. y-X • h'Ul'>fip.)sJ2 >(7):*--5..^/73>7 

^h^-ch^y-x- KU'f >;iifii 4 4 ch^^LTt^'^. 

-5-LTCCOcfc-5?if^lIS l--7>> X 7,^^:f^^XJStgS ()± 
irTh'J y;^X«l:5Sc(??SL. ^iSiiiSin^lftCOX'r y 

(0 0 4 0) ;!^^il^^A5ll'3^ v> > X7I4. t- 
1 a)}ainffi;!>^iat^p Z<7)m^^Xf,t -r >rl ai:; J: O 

XS>^. C<7)^:36ii;ifttSir{4. y-X • KU -f >?l!t« 

4 4€:ffli^Ty-x • Ku f >?Rt« 2 (;)raic75G-:^r:|i;jH 

LTfc, Ctl^>f4^ffimL.l£iK L/i*L. y-hVlit«4 I 
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X^(D&tji/)^m'PT^o -S-LTy— h'-SEEVg ;>?Eafa^ 

[0 0 4 I] ^ZT. n5IIS l-7> vX ^$::t>gteJ^-d: 
— h ^IflE V g ;)f t: D -St ^ It o r ^l/^^aE 1 

tSSr>')o>m\ O^hmttztS (I3;JC0S3) <7)1^ 
$fEt?/S^75^6. <^>rSA (13 3(7)8 4) iCctOT^jStt 

>jri 1 0 CO /El ^ L T -. ^it >if. 

[0 0 4 2] CCTDCiii. ?Sn^-^:7^ilSc7)^P^M®?f^7)< 

izj:tiii. mi%i^^<mm(7)^&nkm{'t''iDm?Ji^^ i 2 set 
[0 0 4 3] ^rz. z(Dmm\-'7>i^*7.9Tn. ^-^t^ 

>?£ A«Cci:0-^^ tv^umiaj 1 ^y — X • KU-f >?MtsE2 

^S^^B'>*)3>mi 0<7)TS6*a7C^<!:LTng!co«J >^ 

[0 0 4 4] S/^. CCOT^J|gh^>>x^T^^t^;U?I 
«l. &CXV-X- HK>miSE2 Sr— ^<?)^$gia>U 3 
>1IS1 Oi:LTBtJ!iLTl>^ - tfi. :7 :t h 'J V "7 

[0 0 4 S] ^tz. i?f^ffi/tt^Oi^fi,?Aj!a|!05.Ji]i^Xt^>i 

ia«^3^iS<7)X f y ^ > yig-r i L T^f5S9 h ^ > v X 
5^^ifiiia(CsSu^7Xa«±{zfp/ST^<7)lZ®LTl^ 

[ 0 0 4 (i ] i;i±Smiznm ttzJ: n \ZW, I (r>m&<DB 

89 L, CoO-SB*, ^*>il\iz<^nTmt^7im(D^m 



"7 > V X ^ $r . ^-tl e» <^\^mW'F. V I h?!>^^ - i.: U^Ji 

/i:, f)'<L-zmy^an,*'zom\-7>'>'7.i^{t, ^>wjh 

[0 0 4 7] 55 2CO:JIfi5(7)ffi!g. C (7)^J5gi7)/F^!g{^. .81 
!gt«2, !JIK2.'Zl^:^fi|t«3. ^•LTS|«2!C 

«^:^agfl6 4(:;t.lii;T^o 

[0 0 4 8] z<nnm(r>mmtm^m^z. miwzTn-^^ 

o\Z. fizfXmUAi\z^'-h\m^mnlL (S I I) . 
y-h*e»IIg$:/F^b1cL (S I 2) . ^$SI?i>'jD>M!^ 
ilST*E4^3iSSO H - :7 N oil i L T/f^/ilc L ( S I 3 ) . 
(7) -7 ^ r * 't.ngJsf > .tf -5. '^Cj^ftRJ-y 2:11 n ^ r t -U' 7. h 
•yA«^/f^/itL (S I 4) , fti'AUS'j}m^JJ:L (S ! 

5) , y-x • KuOiifg^jfML (s I (i) . f :r 

JBfi)tr«>tftlI«gRSr.y-X • ^\^^ >%mt,UL (S 

1 7) , mni^zmwAx'^i^^m^ AS is) t(;)T^ 

[0 0 4 9] :^'7XJi<gn 0 |-.'\(7)V-|>vafS4 I OOiP^ 
/iK (ia6i7)S I I ) ;iL?^y- hJ£!*:«fr2 4 2(^ifM (Ml) 

0 (T^:.ii.7rx>^'ja>ijgTt>J:J'^) <n]n)it mKMTy 

SI 3) IC-PI^T:1, ^ I c7)5gASc0JF^Sl (^3<7^S 1- 
5 3) i^^>S»>Z^J;t/j:i^ C;34 (a) I 3 

*TfT-:?fcttSi^^Lrt5n. 13 1 (a) tW[m(r>m')& 

[0 0 5 0] |2i4 (b) JCT^Tct^ic, ^yi,^>- 

'J n >IIS 1 f) J; !I C \' D -Cr?? ft •> U n > o^ r 'I X h 
3 SrfBBS-To ([ai><7)Sl4) • -J^rt^^UXh y 

/t4 3ti. ^^^H>n o>m I otT^-^^f^is-r-s-r^v 
ffi A ic ct 0 mm ch .^cc ^ ^ gr>^ ^jq^iji; r ^ V - 

nTL^^^;)^Wj.ii:-r^/iyj<7)x y^>yx y 
(c) ) t\m:^TS^^. tztzL zo^'m^^mmizr»'^^r 

\i. t^ax h v/\4 3 > ji;SAiWii>'i D>B^4 i o ><;) 

^mm 2: . h 4 2 (t^mi^ d: 0 m < l t .n < 
sej s 0 {cifiA-r^co^-ri/jc/iyjTJ^^. 

[0 0 5 1 ] ^UT. t-34 (c) i-.-Sr^t^fC. ?^J.iittt 
x'J 3>5S I 0 'r7 :t h ij V y v7 < <*:X y^>y{cj: 

<7)Xy^>y!CJ:0. S&SiSi>'jD>Jg 1 0i;)-9^vl5!IQ 
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'jf-yf\t, ^iro^JSg<7)JB!ilC*jttS@2 (a) . s 
3<7)S fifrffl^^-rs. UK',. |?I4 (h) i^l^vt-iPXh 
•y/t4 3 0/Bfilcic:<7)X y^>ytolX<!:H. BB/^^An 

[0 0 5 2] -5-LT. 0S (u) iC^^TcfcijlC. 

ffi4 4S:}gritr?> (SeWS 1 6) . Z.<r>'J — 7. ■ 

-f >?gfi4 4<7)ffM(i. X/t y ^ 'j >yX»iC VDICJ; 

0-5-CO^/S(7)'^3'M$-ifML . -?-C0±IC7:t h 'J '7^-7 

^>y;jDIc7)|!?JC. y-X • KU-r >f5|iS4 4c7)X y^ 
„ >/..^f*.3:'.*^:.«£S i<: »ie 1 -0 X y ^ > y 

>5t®4 4«. 7 — X • KH'>mf4i;U-5'<$3l'.»</) 

CWy — X • KK >^<S4 4 0iBBlt(i. *i 
fJI2lCl»^?EISffJBlcT.ff.-i?*'9. ^ I OT^gJSSWBSifriJ 
tt*B2 (b) . 7{cffisS-r-5. 

10 0 5 3] ^JC. 'f:t>ftAlCJ;'5^rt'^I^JM«lcr) 
/fM$-fT-5 (116(7)517.115 (b)). CCO-f::i-> 
f.£A«. mi OTg|i5S<7)JK«|(C*jtt^ill (b) . S3<7) 
S 4lC*aSr-5t)C)T*0. »fiS2{Cl»^^rt-;l'JKfi)E 

ler*^. ffoTffiAr«>-r^>(is i . f. Arro 

X • KK>m@4 4roJKfi£c;>K?.(Cf1:BltLXiU->-X 
X:7(5 2*<-5-<7)$$. 'f'tXCWTr^XI-yAiLTf^ 
JH L T -f + > l-ig«?-r * CO T. > 3 >1I5J 1 0 O 

a A$ nr. ^ r t-.a i /-u -5 # gcj^ ic w.^^^r ^ > 

ttA*t«t$nsctt7jc^. -5-LT-5-<7565J^Ttt. ff A 

=f-X^^)Vn.'@L\ t.ts.^. --fi. UvX h-7Xi7 fi 2&tX 
V-X • HUf >fBti4 4JZlS*:)4-lTi»SSn5^«. -f:*- 

>A<JgS$ti-5C7)T^r 'J TjggHnltllgBf (751951 »{i[(75$ 

iilil#$n-5. c(7)g|iii-A<y-x • Fu-r >fif^2 t/i 
5. /i*J, dW-f ;t>rf AS&»cl?Mi£:fRt4ffi:>nct><7)-e^ 

[0 0 5 4] z<nii^. itATo-f :t><7);jniixt-'i'=«^ 

-tS. @5 (b) f Ui/X h-7X J' H 2>ftCXy-X • H 
K >IHS4 4<7)*HBJO)fKt«JC^3l>T-f .i->7><y'- hte 
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